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INTRODUCTION 
There can be l i t t le  doubt tha t   the   audi tory  s t imula t ion  associated 
with even moderate levels of noise can have a wide range of disrupting 
e f fec t s  upon an individual's physiological and psychological well-being 
(1, 2, 4 ,  13). Of the varioua noises and spec i f ic  e f fec ts  tha t  
are associated with sonic st imulat ion,  t ransportat ion noise and its 
potential  interference with an individual 's  normal s leep  perhape defines 
the most critical problem. This conclusion stems from the  fac ts  tha t :  
(A.) t ransportat ion noise ,  par t icular ly  je t  a i rcraf t  noise ,  exhibi ts  an 
alarming annual increase (21, ( 8 . )  sonic stimulation is one of the  most 
e f fec t ive  ex t r ins ic  means of disrupting sleep, and (C.) p a r t i a l  and t o t a l  
s leep disrupt ion can, i n  the  extreme cases,  precipitate epileptic seizures 
and bizarre hallucinations (3, 12). Further, and perhaps most importantly, 
the physiological and psychological states associated with even moderate 
anaounte of sleep disrupt ion can carry over and influence waking performance 
( 5 ) .  With regard to these coneiderations, it would appear clear tha t  mean- 
ingful   control  and abatement programs based on an adequate understanding 
of the  e f fec ts  of sonic st imulation should be init iated.  
Considering the specific sleep dis turbing effects  of subsonic air- 
craf t  noise ,  there  are tvo approaches which appear t o  o f f e r  some promise. 
The f i r s t  involves engineering-design research directed a t  the elimination 
of noise. The progress of t h i s  approach has been chronicled i n  two NASA 
Langley sponsored symposiums (SP-189, 1968; SP-220, 1970) which reached 
the  general conclueion that i t  is possible  to  obtain a 10 t o  15 PHdB 
reduction i n   a i r c r a f t  r.oise Over current  levels  by appropriate engine deeign. 
However, it was not al together  clear whether fur ther  reduct ions in  noise 
would be economically f e a s i b l e   i f  at a l l  possible within the limits of 
present technology. Thus w h i l e  the problem of noise polution can be pro- 
f i t a b l y  approached through engineering technology, t h i s  avenue, by i t s e l f ,  
is not  suf f ic ien t  for  the  complete solut ion t o  the  problem. 
A second approach to  the  problem of noise pollution assume8 tha t  some 
amount of noise  is, a t  least for the present,  an accompaniment of contem- 
porary society. Accepting this assumption, the corrective procedure 
becomes one of timing or  schedul ing act ivi t ies  to  br ing their  associated 
noise levels  within the limits commensurate with an individual's physiolo- 
g i ca l  and psychological well-being. Considering the problem of the  s leep 
d is turb ing  ef fec ts  of jet  a i r c r a f t  sounds in t k i s  l i gh t ,  i t  is immediately 
apparent that any s o r t  of noise  control  by t h i s  method would be hampered 
by a gross lack of laboratory data .  In  par t icular ,  l i t t l e  is known about 
the  spec i f ic  e f fec ts  of t h i s   s o r t  of auditory stimulation beyond the  ra ther  
subject ive asser t ion that  j e t  a i r c ra f t  no i se  can be qu i t e  annoying and can 
awaken sleeping individuals.  Consequently before meaningful actions directed 
a t  minimizing the  d is rupt ive  e f fec ts  of jet  a i r c ra f t   no i se  can be i n i t i a t e d  
it would appear necessary to spec i fy   in  some quant i ta t ive  manner the   ac tua l  
e f f ec t s  that these s t imuli  might have on an indivfdual's sleep. Toward t h i s  
end, the research reported here attempted to determine whether similar jet  
a i r c r a f t  sounds presented a t  d i f fe ren t  times during the night were a l l  
equal ly  effect ive in influencing the individual's sleep pattern.  To accom- 
p l i s h  t h i s ,  t h e  frequency pattern of the  recorded electroencephalograph 
(EEG) was used as the  dependent measure of an individual ' s  s leep and the 
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effectiveness of j e t  a i rcraf t  f lyovers  was evaluated in terms of the 
relative changes i n  patterning of t he  e l ec t r i ca l  ac t iv i ty  of the brain. 
METHOD 
Subjects 
The subjects  for  this experiment were s ix  male adul ts  between the  
ages of 24 and 40 years. A l l  subjects  were matched r e l a t i v e  t o  t h e i r  
normal sleeping envizomnents and none suffered from any d i s a b i l i t i e s  
which might interfere  with their  s leep.  Furthermore, none of the  sub- 
j e c t s  had been under a doctor’s care or had taken any prescr ipt ion medicine 
f o r   a t  least s i x  months p r io r  t o  the i r  pa r t i c ipa t ion  i n  the experimental 
procedure. Each of the  s ix  subjec ts  slept i n  our laboratory bedroom fo r  
14 consecutive nights but, with this exception, were instructed not  to  
otherwise change t h e i r  normal daily routine.  
Apparatus 
The apparatus/hardware  consisted of three major  systems: 1)  the  
laboratory bedroom and equipment t o  produce the  jet a i r c r a f t  sounds, 
2) the  EEG recording equipment, and 3) the EEG analysis  system. The 
general floor plan and dimensions of the  mock-up laboratory bedroom and 
t o i l e t  f a c i l i t i e s  are i l l u s t r a t ed  in  F igu re  1. Essent ia l ly  the room w a s  
sl ightly larger than the average bedroom and measured approximately 20 f t .  
by 16 f t .  no t  inc luding  the  ba th  fac i l i t i es  and the equipment-control 
room. The general arrangement of furniture within the bedroom is sham 
in Figure 2. The composition and general appearance of this  furn i ture  was 
designed t o  minimize the laboratory atmosphere of the  subject’s  
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sleeping environment so that ,  with the exception of the speakers and m a m e  
small behavioral test equipment, the  room assumed the  outward appearance 
of a small   hotel  room. 
The sound s t imu l i  ware presented to the sleeping subjects by a 
standard Sony AM stereo tape recorder and two speakers located in adjacent 
corners of the wall opposite the subject 's  bed. A spec t ra l  ana lys i s  of 
the  jet  a i r c ra f t  no i se ,  as played back through t h i s  equipment and recorded 
from the approximate locat ion of the  subject ' s  head during sleep, is pre- 
-8ented in Figure 3. 
The subject ' s   scalp EEG was monopolarly recorded with a standard 
9 mm Grass s i l v e r  cup electrode at tached to  the P3 locat ion (Internat ional  
10-20 system) and referenced to  the  un i l a t e ra l  ear. A s imi la r  Grass 
electrode was attached to  the subject ' s  neck and used as a ground. The 
electrodes themselves were connected t o  a Grass model 79 Polygraph and 
from t h i s  to  an Ampex e 7 0 0  FM tape recorder. Recording et the slowest 
possible  speed,  the ful l  night ' s  data  (six hours of sleep) could be 
obtained on a s ingle  reel of 1/2 m i l  recording tape. A block diagram of 
t h i s  system is i l l u s t r a t e d  i n  Figure 4. 
The r e s t r i c t i o n  of our physiological recording to  a s ing le  channel 
of EEG ac t iv i ty  requi res  some elaboration. Firstly,  i t  was deemed 
des i rab le  to  minimize the discomfort associated with the experimental 
procedure to  in su re  tha t  each subject adapted to our si tuation as rapidly 
as possible. Secondly, our analytical procedures were based so le ly  on 
determining the changes in  the  frequency characterist ics ofthe subject 's  
sleeping EEG pa t te rn  as these might be re la ted  to  the  presenta t ion  of 
the jet  a i r c ra f t  s t imu l i .  More spec i f ica l ly ,  the  primary thrus t  of the  
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research was t o  determine whether or not the scalp recorded EEG ohoved 
any cons is ten t  charac te r i s t ic  increase i n  frequency (desynchrdzation) 
or  arousal  pat tern in response to  the  j e t  a i rcraf t  f iyavers .  Aa such, it 
was f e l t   t h a t  l i t t l e  would be gained by burdening the subject with the sort 
of array of e lectrodes which has been suggested for  o ther  s leep  ana lys i s  
schemes (11). Additional reasons f o r  the restriction of the analy t ica l  
procedures t o  a frequency analysis concern the statistical treatment of 
the  data  and are discussed below. 
The hardware used to  analyze the subject 's  EEG is i l l u s t r a t e d   i n  
Figure 5 .  Basically,  the system was composed of an Ampex SP700 FM tape 
recorder to reproduce the previously recorded analog EEG signal. This 
analog signal was sequentially passed through a 1.5 Hz high-pass f i l t e r  
and a 30.0 Hz low-pass f i l ter  to  the analog-to-digi ta l  converter  or  a 
Dig i ta l  Equipment Corporation PDP-12A computer. The d ig i t ized  s igna l  
was then analyzed in accordance with a zero-crossing frequency analysis 
program (see below) and the  resu l t s  typed out i n  hard copy on a standard 
Model 33 ASR Teletype. 
Procedure 
Seven of the 14 nights which each subject spent in our laboratory 
bedroom were, with the exclusion of t h e   f i r s t  3 nights,  selected as 
"stimulus nights." The se lec t ion  was random for each subject with the 
r e s t r i c t ions  tha t  t he  fou r th  n igh t  had t o  be a stimulus night and no 
more than three nights i n  succession could be stimulus nights. During 
these stimulus nights the subjects were exposed to the acoustic s t imul i  
through the stereophonic speakers located within the  bedroom. Each of 
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the recorded j e t  flyovers was played back to reach a loudness of approxi- 
mately 80 dB (A) and have a duration of approximately 20 seconds. The 
actual  presentat ion of the  je t  a i rcraf t  f lyovers  on these stimulus nights 
was in accord with a predetermined r e s t r i c t e d  random schedule based upon 
a t o t a l  of 6 hours start ing 15 minutes after the subject had re t i red .  The 
6 hours of sleep were divided into 3 2-hr periods each of which was fur ther  
subdivided i n t o  8 15-min blocks. The occurrence of a jet  a i rc raf t  f lyover  
a t  the beginning of any pa r t i cu la r  l E m i n  block was then randomly determined 
under the constraint  that  3 flyovers must occur within each 2-hr period 
and that there could be no more tha t  2 successive 15bmin blocks which 
s tar ted with a j e t  a i rcraf t  f lyover .  Thus, the schedule presented a t o t a l  
of 9 j e t  a i rcraf t  f lyovers  evenly,  and randomly, distributed over each 
stimulus night. 
The analysis  of the subject 's  sleeping EEG was accomplished bv the 
PDP-12A computer programed for a zero-crossing frequency analysis following 
the procedures previously described i n   t h e  NASA Symposium chaired by 
Procter and Adey (7) and mote spec i f ica l ly  by LeVere (9). Basically, the 
analysis converts the analog EEG s igna l  to  d ig i ta l  va lues  a t  the  rate of 
200 points  per second and determines individual half-wave frequencies on 
the  basis  of the elapsed time between successive crossings of zero-potential. 
In other words, i f  250 msec elapse between the digit ized record going 
from a negative value through a series of posi t ive values and back to  a 
negative value this would cons t i tu te  a half-wave frequency of 2 Hz. The 
current version of the zero-crossing analysis further reduced the EEG data  
by summating the occurrence of similar frequencies during successive 
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40-sec analysis  epochs  according  to  the  classical EEG band  widths of 
Delta (0-3 Hz), Theta (4-7 Hz), Alpha (8-12 Hz) and  Beta  (12-30 Hz). 
Each of the 40-sec  analysis  epochs was  necessarily  separated by a 20- 
sec  interepoch  interval  to  allow  for  computer I/O time period. 
The characterization  of  the  subject's  sleeping EEG was based on the 
level of cortical  activation  or  frequency  desynchronization  that  was 
observed  during  each  40-sec  analysis  epoch.  Specifically,  the  level of 
cortical  activation,  or  arousal  as  suggested by some  authors (71, was 
determined  by the amount of time  consumed by each of  the  various  frequency 
categories  within  each  analysis  epoch  period. Table 1 presents  the 
actual  criteria  used in the  present  analysis  to determine  which of 5 
levels, 0 through 4, of cortical  activation  or  desynchronization 
was  present  during  each  analysis  epoch. The numerical  values  assigned 
to the  desynchronization  are  inversely  related  to  the  amount  of  slow-wave 
or  hypersynchronized  activity  computed by the  zero-crossing  program. 
For example,  if 50% or more of  the  40-sec  analysis epoch was consumed 
by a  hypersynchronous  slow-wave  Delta  activity,  the  epoch  was 
considered  to  be  at  a  level 4 or  the  lowest level of cortical  arousal 
used in our  analytical  procedure. 
It  should  be  noted  that these  levels  of  cortical  desynchronization 
were  intentionally  designed to  correspond  quite  closely to the EEC, frequency 
criteria  normally  attributed  to  different  stages of sleep (11). The 
current analysis should not,  however, be  interpreted as indicating  stages 
of sleep  since  this determination douenda upon a number or  variables in 
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addition to electroencephalographic activity.  Further,  and mare im?or- 
t m t l p ,   t h e  8t8tiStICa1 awYSi8 Of aU indiVidUl'8 te6pOllOiVeUe88 t0 
nocturnal   acoust ical   s t imuli   v i th   regard  to  changes in s leep  stages 
vould be solswhat tenuouaD If a t  all appropriate, because of the  diffi- 
cul ty  of re la t ing  $1-p s tages   to  some measurtxment scale mch would meet 
the assumptions required for s ta t la t ica l  t rea tment  (10). The present we of 
the more simple notion of cortical   desjmchronitation as an Indication of 
behavioral arousal adequately serves the purposes of the present research 
and does not violate the assumptions necessary for statistical treatment. 
RESULTS 
Considering the effectiveness with which the  jet  a i r c r a f t  sound8 
influence a subject 's  sleeping EBG pat tern at different times during the 
night, Figure 7 presents the mean change in cortical desyachronization 
that occurred i n  response to the nocturnal atimulatlon during the first  
2 hours of sleep, the second 2 hours of s leep and t h e   f i n a l  2 h a r e  of 
sleep. This data  was canputed f o r  each third of the night 's  sleep by 
determining the level of desynchronization for each subject for each of 
6 40-sec analysis  epochs s ta r t ing   v i th   the   ana lys i s  epoch during whlch a 
flyover occurred. These values were then subtracted from the  epoch 
immediately preceding the flyover t o  obtain the change In cor t i ca l  
desyachronization that occurred in response t o  the j e t  a i r c r a f t  nolee. 
The f igure presents  this  data as averaged across a l l  subjects and 
a l l  stimulus night4 of the experimental procedure for each of the 3 2-hr 
periods of 8 nights's sleep. The posit ive numbers of the ordinate of 
Figure 7 represent increasing amounts of cortical deapchconiaatiaa 
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while the negative values represent increasing amounts of hypersynchron- 
ization. As controls ,  similar 7-min periods were randomly selected from 
within control  nights  when no j e t  a i r c ra f t  f l yove r s  were presented. This 
random selection was e s s e n t i a l l y   s i m i l a r   t o   t h e  manner i n  which the  occur- 
rences of jet  a i r c ra f t  f l yove r s  were determined for stimulus nights inas- 
much as the schedule evenly distributed the groups of 7 epoch6 across the  
control  night  and varied from subject t o  subject. Thie then not only made 
the control  data  comparable t o   t h e  random selection stimulus nights,  but 
also, since the  random schedule varied from subject to  subject, precluded 
the  poss ib i l i ty  tha t  the  cont ro l  da ta  might represent a biased sample from 
the nights when the subject ' s  s leep was not disturbed. 
Inspection of the figure and s t a t i s t i c a l  a n a l y s i s  (Wilcoxon tests) 
indicate that the occurrence of the j e t  a i r c ra f t  f l yove r s  ~ a 7 . a ~  ef fec t ive  
(pC05) during each third of the individual 's  sleep and t h i s  e f f e c t ,  i n  
term of cortical desynchronization or arousal, tended to outlast the 
stimulus by a considerable amount.  However, the  f igure  also  suggests 
t ha t  i n  the  ea r ly  and l a t e  t h i r d s  of an individual 's  night sleep, the 
jet  a i r c ra f t  f l yove r s  were somewhat more effective than during the 
middle 2-hr period. The ac tua l i ty  of t h i s  i n t e rac t ion  is i l l u s t r a t e d  
by the bar graph shown in Figure 8. This figure shows the  relative change 
i n  s leep precipi ta ted by the j e t  a i r c r a f t  flyovers during the early, 
middle and late 2-hr periods and shows that while the change i n  cortical 
desynchronization is approximately equal for the early and late 2-hr periods 
it is s igni f icant ly  less during the middle 2dhr period (indicated proba- 
b i l i t i es  der ived  from the Wilcoxon test). That is, during the early 2-hr 
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and the  late 2 h r  of an indiv idua l ' s   to ta l   n ight  ' 8  sleep, the occurrence 
of the recorded j e t  a i r c ra f t  f l yove r  sound caused a change in  the  ind iv i -  
dual's sleep pattern of approximately one f u l l  level of c o r t i c a l  
desynchronization as defined in Table 1. However, during the middle portion 
of a night 's  sleep, the same acoustical stimulus was,  while still  greater  
than the control epochs, s ign i f icant ly  less. Final ly ,  i t  must be pointed 
out that during the middle 2-hr period, the fifth post-stimulus EEG analy- 
sis epoch was not  s ign i f icant ly  d i f fe ren t  from the control  epoch j u s t  
preceeding the occurrence of t he  j e t  flyover.  In contradistinction, 
during the early and late 2-hr periods the level of desynchronization of 
the  f i f th  post-s t imulus epoch was st i l l  s igni f , i can t ly  d i f fe ren t  (pq.05, 
Wilcoxon test) than the level of desynchronization computed during the 
epoch just preceeding the flyover. Thus, t h i s  ana lys i s  would appear t o  
ind ica t e  tha t  t he  r e l a t ive  arousal. e f f ec t  of j e t  a i rcraf t  f lyovers ,  as 
computed by cortical desynchronization, is s igni f icant ly  greater in both 
magnitude and duration during the early and late portion of an individual 's  
sleep as compared to  the  middle portion. 
DISCUSSION 
The consis tent  and s igni f icant  changes in the  EEG frequency pattern 
during sleep observed i n  the present data and other previously cited 
research indicate  that  there  is l i t t l e  question that individuals are 
responsive to nocturnal auditory stimulation. Further, the present 
resul ts  indicate  that  this  responsiveness  is not  in  any way l imi ted  to  
Overt behavioral arousal since none of the  subjects  were able  to  accurately 
10 
\ 
recall the  number of j e t  aircraft  f lyovers that  occurred during a night 
i f ,  indeed, they were a b l e   t o  recall the occurrence of even a s ing le  
flyover. And f ina l ly ,  i t  must be pointed out that the observed EEG 
arousal was not ' res t r ic ted to  the physical  presence of the  j e t  a i r c r a f t  
noise but outlasted the auditory stimulus.by a considerable degree. 
While these  resu l t s  are of i n t e r e s t  i n  and of themselves, it is 
somewhat more important to note  that  the same physicial  st imuli  presented 
du r ing  the  in i t i a l  2 h r  of s leep  and during the terminal 2 hr of sleep 
were r e l a t ive ly  more e f fec t ive  in producing cort ical  arousal  than 
these same stimuli presented during the middle 2 h r  of a night's sleep. 
This  resul t  is, a t  f i r s t  glance, somewhat su rp r i s ing  in  l i gh t  of data  
which can be interpreted as indicating that subjects should be less 
responsive during early and late portions of a night 's  sleep because 
they tend t o   b e   i n  deeper stages of sleep during the early portion of 
the evening and spend more time in REM sleep during the early morning 
hours  (12). However, two variat ions of the present research suggest that 
t h i s   s o r t  of deduction may not be completely justified. 
First ly,  the researches suggesting lese responsiveness during 
ea r ly  and la te  sleep were obtained by restr ic t ing the presentat ion of 
t he  ex t r in s i c  s t imu l i  t o  spec i f i c  t ypes  of sleep, i.e. stage 4 and/or 
REM, as these predominantly occur during the early and late portions of 
the night. The present data, on the other hand, did not so restrict 
stimulus presentations to  particular types of sleep but  simply' asked 
more d i r ec t ly  whether, on the average, the individual was more responsive 
during one two-hour period of the night than during some other two-hour 
period. As such, the present  resul ts  do not address the question of 
11 
responeiveneas  during any particular  type of sleep  which may or may not 
dominate  certain  portions of sleep,  but  rather are concerned, as pointed 
out in the  Introduction,  with  whether  or  not  there is a temporal  para- 
meter  associated  with  the  effectiveness of nocturnal auditory  stimulation. 
The fact  that  up  to 30% of  the  early  portion of an individual's sleep 
may  be  devoted  to  the  deeper  stages  of  sleep  is thus not necessarily  at 
odds with  the  present result  since  the  auditory  stimuli  were not, in 
fact,  necessarily  presented  during  these  deeper  stages of sleep.  It 
ma9 be more prudent, then, when considering the overall  average  effec- 
tiveness  of  the  auditory  stimulation  to  simply  note  that  during  the 
early  portions of the  night  the  individuals  were  attempting to o to 
sleep and  during  the labx portions they were  waking up--not  what types 
or stages of sleep  dominate these  times. When  considering  the  effective- 
ness of sonic  stimuli in  this  light,  the  increased  effectiveness  of  the 
sonic stimulation  during  the  early and  late  portions of the  night  may  be 
quite  plausable. 
A second  point,  which  may  be  more  germane  to  the  issue, ie that 
those  researches  which  suggest  that  stimuli  are  less  effective  during 
deeper  stages of sleep and during REM sleep are  based  upon  the  amount 
of stimulation  requlred to produce  subjective  behavioral  awakening. 
In contradistinction,  the  present  procedures  were  based  upon  relative 
changes in a subject's neural  activation  in  response to the auditory 
stimulation.  That is, while there  can be little  question that  to 
awaken a subject  in a deeper  stage of sleep a more  intense  stimulus is 
required,  this  does  not mean that  the  relative  amount  of  change  in 
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cortical arousal during the deeper stage of s leep  1s any di f fe ren t  
than the relative change in cort ical  arousal  during a l i g h t e r  stage 
of sleep. The present procedures, with their dependence upon change 
i n  EEG frequency pattern and not behavioral awakening, may thw provide 
a more sensitive measure of the inf luence of auditory stimulation on 
an individual's sleep because of t h e i r  independence of the  prevai l ing 
state of sleep. More descr ipt ively,  aimply because the  auditory stimulus 
does not produce behavioral awakening does not i n  any manner mean tha t   the  
stimulus w a s  ineffectual .  
The implications of these  resu l t s  are qu i t e  obvious.  That is, i f  
one wishes t o  minimize the disrupt ive character  of nocturnal jet  air- 
craft noises then these noises should be scheduled during the loiddie nortion 
of the night. However, this implication must be viewed with some caution 
since not only were a small number of subjects used in the present research 
but  a lso their  ages  were r e s t r i c t e d   t o  between 24 and 40 years,  i.e. 
middle age, when individuals are becoming somewhat poorer sleepers ( 6 ) .  
Further, notwithstanding the attempts made t o  minimize the laboratory 
setting associated with our procedure, i t  must be remembered tha t  the  
s tudies  were, i n  f ac t ,  conducted i n  a laboratory which could conceivably 
f lavor  the character  of the  resul ts .  However, with regard to  these  poin ts ,  
it should be emphasized tha t  each subject w a s  used as h i s  own control  
so tha t  the  repor ted  resu l t s  re f lec t  re la t ive  changes across treatment 
conditions. Thus, the results should be unaffected by age and laboratory 
se t t ing  s ince  these  are constant across both control nights and stimulus 
nights. At any rate, the indicat ion that  the dis t rubing effect  of 
aircraft noise in the present  s i tuat ion,  may be reduced by scheduling 
procedures would seem important enough t o  warrant fur ther  invest igat ion.  
CONCLUSIONS 
The presently reported research indicates that  the auditory stimulation 
s f  jet  aircraft flyovers at the re l a t ive ly  moderate in t ens i ty  of 80 dR(A): 
(1) produces s ign i f i can t  and physiological  arousal patterns i n  sleeping 
subjects but not necessarily behavioral awakening, (2) the  arousal ou t l a s t s  
the actual presence of the auditory stimulation, and (3) the degree of 
arousal is grea te r  du r ing  the  f i r s t  and last th i rds  of the night-  The 
latter finding suggests that  the maximum e f f e c t s  of noise m y  be controlled 
through appropriate scheduling of high noise ac t iv i t i e s .  A t  the very least, 
the  results indicate  that  fur ther  research and spec i f ica t ion  of the tem- 
poral  aspects of noise   pol lut ion might prove very worthwhile i n   l i e u  of 
complete abatement. 
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SIDE PROFILE 
Floorp lan  and  gene ra l  d imens ions  oE t h e  s l e e p i n g  area :Ised i n  
the presen,t  experimental  procedures. Tlre recording  equipment was 
h o u s e d  a d j a c e n t  t o  t h e  bedroom i n  t h e  s p a c e  m a r k e d  "C/E."  
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WHERE: A=DRESSER: B'COUCH; C=TABLE: D'SPEAKER: 
E=CHAIR: F=TEST EQUIP,; G=POST; H=BED 
+=POINT OF SOUND MEASUREMENT 
Genera l  a r rangement  of f u r n i t u r e  within t h e  s l e e p i n g  area. 
FIG, 2 
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THI RD-OCTAVE-BAND CENTER FREQUENCY 1 N Hz 
S p e c t r a l  a n a l y s i s  i n  113 octave  bands of j e t  a i r c r a f t  sound as recorded  from  approximate 
l o c a t i o n  of sub jec t ' s  head  du r ing  s l eep .  The  ana lys i s  was accomplished with a 112 i n .  condenser  microphone 
and  analyzed by a GR real  time ana lyze r  se t  f o r  a 2 s e c .  i n t e g r a t i o n  time. The spec t rum cor responds  to  the  
sound when t h e  a i r c r a f t  (Boeing 707) was, i n  e f f e c t ,  o v e r h e a d .  A Doppler   effect   which  caused a s l i g h t  s h i f t  
i n  t h e  lower f requencies  could be noted but  is n o t  r e p r e s e n t e d  i n  t h e  s p e c t r u m  p r e s e n t e d  i n  t h i s  f i g u r e .  
FIG, 3 
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CHART I 
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CONTROL 
REC, 
Schematic  of t h e  EEG d a t a   a c q u i s i t i o n   s y s t e m .   c l , c 2 , c 3   r e f e r   t o  
channe l s  of t h e  Grass Model 74  polography.  sl and s2 r e f e r   t o   s w i t c h e s  t o  
t r a n s f e r   d a t a   t o   t h e   t a p e   r e c r o d e r .  t l ,  ' t 2 ,  t 3 ,   a n d   t 4  re fe r  t o   t h e   f o u r   t r a c k  
011 t h e  114 i n  m a g n e t i c  t a p e  u s e d  by  t h e  Ampex Plodel SP 700 F?! t a p e  r e c o r d e r .  
FIG, 4 
REC FI LTER . 
T 1  
d 
PDP 12A 
COMPUTER "m= PLEXER 
ii= MON I TOR 
Genera l   a r r angemen t   fo r   compute r   ana lys i s  of  t h e  r eco rded  EEG d a t a  
o b t a i n e d   d u r i n g   t h e   n i g h t .  t l ,  t 2 ,   t 3 ,   a n d  t 4  r e f e r   t o   r e c o r d i . n g   t r a c k s  
on t h e  Ampex Model SP 700 FM t a p e  r e c r o d e r .  t l  i s  the EEG d a t a  alld t 2  i s  
t h e  time b a s e   r e c o r d i n g   t h e   o c c u r r e n c e  of t h e  j e t  a i r c r a f t  flyover. A I D  
r e f e r s  t o  t h e  a n a l o g  t o  d i g i t a l  c o n v e r t o r  a s s o c i a t e d  w i t h  t h e  D i g i t a l  
Equipment  Corporat ion PDP 12A computer system. 
F I G ,  5 
.21 
Iu 
Iv 
t DAYS OF EXPERIMENTAL PROCEDURE 
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FO = JET AIRCRAFT FLYOVER 
General  time lines €or a two  week  run  on  a  single  experimental  subject and the  presentation 
schedule for one of the  stimulus  nights, 
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j/ STIMULUS NIGHTS - EARLY 
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EEG EPOCHS 
F i g u r e  p r e s e n t s  t h e  mean change i n  c o r t i c a l  d e s y n c h r o n i z a t i o n  ( i n c r e a s e s  i n  f r e q u e n c y  i n d i c a t e d  
by pos i t ive   numbers)   tha t   occur red  i n  response t o  t h e  J e t  a i r c r a f t  f l y o v e r s .  The mean change was computed 
wi th  regard t o  t h e  40 s e c .  EEG epoch j u s t  p r e c e e d i n g  t h e  f l y o v e r .  
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z 
0 
+.8 L 
P = NS 
P = ,047 
r=, 
EARLY MI DDLE LATE 
I TIME OF NIGHT 
Mean time i n  c o r t i c a l  d e s y n c h r o n i z a t i o n  a n d  a v e r a g e d  o v e r  2 h o u r  t h i r d s  
of a t o t a l  n i g h t s  s l e e p .  The n u m b e r s   a b o v e   t h e   b a r s   g i v e   t h e   p r o b a b i l i t i e s  
t h a t  t h e  p l o t t e d  d i f f e r e n c e s  c o u l d  be d u e  t o  c h a n c e .  
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